Hypertension is a common multifactorial disorder associated with considerable morbidity and mortality. The kidney plays a major role in the long term regulation of blood pressure. 
hyperaldosteronism) is one of a number of monogenic disorders of salt and water transport. In a kindred with at least four affected members suffering from Liddle syndrome, we confirmed by direct DNA sequencing the identity of a novel heterozygous mutation in hPENaC, the gene encoding the P subunit of the amiloride sensitive epithelial sodium channel which is expressed in the distal nephron. Single stranded conformational polymorphism analysis showed cosegregation of the mutant allele within the kindred with the Liddle phenotype. An insertion of an additional cytosine into a string of six located between codons 593 and 595 results in a sequence frameshift and is ::
.. The diagnosis of Liddle syndrome ....A...>aroine Figure 2 Sequence data generatedfrom cloned PCR productfrom I.2. The reverse strand is shown and the derived sequence of the sense (+) strand of the mutant allele is included. An additional guanine is present in the mutant allele, corresponding to a cytosine in the sense strand. This leads to a predicted change ofprotein sequence starting at amino acid 595, proline being substituted for the wild type arginine. PCR productfrom II. 2 was cloned into TOPIOF' cells using an
Invitrogen' kit according to the manufacturer's instructions. Sequencing reactions were performed radioactively using the oligonucleotide primer ATGGCATCACCCTCACTGT and a dideoxy-terminator protocol.
products (data not shown). Single stranded conformational polymorphism (SSCP) analysis showed a sequence variant in the proband, her father, and both sibs not seen in the mother or normal controls, implicating the a subunit as the potential site of mutation (fig 1) . Direct sequencing of genomic DNA suggested the presence of a heterozygous insertion of an additional cytosine into a string of six cytosines between codons 593 and 595. Confirmation was achieved by direct sequencing of PCR product from colonies containing single alleles of the amplified segment (fig 2) . The mutation is predicted to lead to a frameshift with a protein product 34 amino acids shorter than wild type. This is only the fifth reported mutation in the J subunit of the epithelial sodium channel producing the Liddle phenotype, all of the mutations occurring in the carboxy-terminal domain and leading to frameshifts of the reading frame. One other kindred has been identified with a single base substitution mutation in the y subunit leading to a truncation of the last 76 amino acids. The importance of the carboxy-terminal domains of the f subunit of ENaC has been shown ex vivo by Snyder et al' who expressed mutant f subunit protein with wild type a and y subunits, showing that without a conserved motif, amino acids 616-623, the sodium current is increased compared with non-chimaeric channels secondary to an increase in surface expression of ENaC owing to a slower rate of internalisation from the cell membrane as well as to an increase in the open probability of the channel.
The mutation identified in the present kindred is predicted to generate a protein product containing none of this conserved region. By confirming the diagnosis of Liddle syndrome using the molecular techniques described, antihypertensive therapy may be tailored directly at the causative ion channel defect using the drug amiloride. The presence of the disease mutation in the youngest offspring (III.3) with borderline hypertension confirms the need for careful clinical assessment and allows tailoring of specific therapy in the event of future hypertension. '4 subunit of the epithelial sodium channel.
identification of a mutation in the beta
The diagnosis of Liddle syndrome by 
